Background: appendicitis is a frequent reason for hospital admissions. elevated c-reactive protein, white blood cell count, and serum bilirubin have been suggested as individual markers for appendicitis and appendiceal perforation. The aim of this study was to analyze if a combination of serologic markers could increase the prognostic accuracy of diagnosing non-perforated and perforated appendicitis.
Conclusion: combining blood markers was useful in predicting appendicitis and perforated appendicitis. in addition to c-reactive protein and white cell count, blood levels of bilirubin, and alanine transaminase may be useful. Key words: Appendicitis; prognosis; serology; accuracy; perforation; combination IntRoDuCtIon Appendicitis is a result of a bacterial infection in the appendix (1) (2) (3) and is a frequent cause of abdominal pain and of hospital admissions (4) . usually, clinical symptoms are enough to hint the diagnosis (5) ; however, a diagnosis can only be confirmed upon surgery with subsequent pathological evaluation. Several blood markers, including bilirubin, C-reactive protein (CRP), and white blood cell (WBC) count may be increased in patients with appendicitis and even more in patients suffering from perforated appendicitis (5, 6) .
numerous scoring systems evaluating clinical symptoms and blood tests to increase the prognostic accuracy of appendicitis have been designed (7) (8) (9) . However, none of the scoring systems evaluate the risk of appendiceal perforation, and none of the scoring systems use a combination of blood markers. the aim of this study was to analyze whether multiple serological markers, including CRP, bilirubin, and WBC count, in combination, could increase the prognostic accuracy of the diagnoses of appendicitis and perforated appendicitis.
MEtHoD
During a 3-year study period from May 2009 to May 2012, we retrospectively included all patients suspected of or suffering from appendicitis, who underwent an acute diagnostic laparoscopy, laparoscopic appendectomy, or conventional (open) appendectomy in a surgical department. Data was extracted from the electronic patient journal system and included patient demographics, histological findings, results of blood tests (liver function test, WBC, bilirubin, and CRP), and clinical symptoms on admission. Patients were excluded if one of the following criteria were present: appendectomy or laparotomy for other reasons than appendicitis; known liver, biliary, or hematologic diseases; recent severe illness (defined as any illness resulting in an increased CRP and WBC count); pregnancy at the time of admission; missing results from relevant blood tests; or an age below 16 years.
Patients were divided into two groups consisting of patients with histologically verified appendicitis and patients with other differential diagnoses. Patients with a histologically verified appendicitis were further divided into two subgroups depending on whether they had a perforated or non-perforated appendicitis. Perforation was defined as the presence of one of the following criteria: visible perforation at operation, documented presence of a periappendicular abscess, or histologically verified perforation (a break of the serosa layer).
StAtIStICAL AnALySIS
For the statistical analysis, SPSS version 20 (SPSS Inc., Chicago, IL, uSA) for Windows (Microsoft Coorporation, Redmond, WA, uSA) was used. univariate analysis and receiving operating characteristics (RoC) curves were used to obtain the specificity and sensitivity of WBC, bilirubin, CRP, alanine transaminase (ALAt), and aspartate transaminase (ASAt). From these, the significant (p < 0.05) variables were then inserted into a multivariate logistic regression model using forced entry mode. the significant variables from the multivariate model were used as variables in a multiple linear regression equation
with letters representing the logistic regression coefficients (B) for each significant variable found in the multivariate logistic regression, and the x-values representing the level of the serologic marker. A RoC curve was then performed using the equation to yield a sensitivity and specificity for the variables combined. the specificity and sensitivity of each value were used to calculate the negative and positive predictive values (PPVs). this study was approved by the Danish Data Protection Agency (no. HEH-2013-051).
RESuLtS
A total of 1656 patients were initially included. out of those, 39% were excluded due to the presence of one or more of the exclusion criteria. A total of 1008 patients were operated with a preoperative suspicion of appendicitis. of these, 700 patients had a pathologically verified inflamed appendix. of the patients with an inflamed appendix, 27% had a perforated appendix ( Fig. 1 ). A total of 698 patients had their appendix removed through laparoscopy, 24 patients through open surgery, and 286 patients underwent a diagnostic laparoscopy. Patient demographics are shown in table 1.
In the univariate analysis, patients with acute appendicitis had significantly higher blood levels of WBC (p < 0.001), bilirubin (p < 0.001), CRP (p < 0.001), and ALAt (p = 0.001) than patients without appendicitis. Levels of ASAt were not significantly different between the two groups (p = 0.818). Patients with perforated appendicitis had significantly higher levels of WBC count (p = 0.004), bilirubin (p < 0.001), and CRP (p < 0.001) than patients with a non-perforated appendicitis. no differences in levels of ASAt (p = 0.331) and ALAt (p = 0.178) were seen between the two groups.
In the multivariate analysis for detecting markers that predicted appendicitis versus non-appendicitis, we found that the WBC count, bilirubin, and ALAt levels were all significant factors (table 2). In the multivariate analysis, discriminating perforated from non-perforated appendicitis, we found that blood levels of WBC, bilirubin, and CRP were significant parameters for predicting appendiceal perforation ( 
DISCuSSIon
this study found that the WBC count, levels of bilirubin, CRP, and ALAt levels were all significantly increased in patients with appendicitis compared to patients without. Furthermore, it was shown that WBC count, bilirubin levels, and CRP levels were significantly increased in patients with perforated appendicitis compared to patients suffering from non-perforated appendicitis.
We found that increased WBC count and bilirubin levels were useful in predicting appendicitis, and furthermore, combining the markers with ALAt increased the predictive value in our model. In the group of patients with perforated appendicitis, we found that bilirubin levels and CRP levels were useful markers alone and in combination with WBC count. Combining the markers even increased the predictive value slightly. our results affirm the findings of other studies that the level of bilirubin is increased in patients with acute and perforated appendicitis. High levels of bilirubin have previously been shown among patients with perforated appendicitis (10) (11) (12) , and one study has shown that an elevated bilirubin level may be a good predictor for acute appendicitis (13) . A recent meta-analysis (14) concluded that bilirubin alone as a marker for identifying patients with appendicitis was not sufficiently useful, but had to be included in a scoring system comprising other factors such as clinical symptoms and other blood markers. our results showed bilirubin having a sufficient significance alone, and increased when combined with other markers. the level of CRP was not significantly increased among patients suffering from acute appendicitis compared to patients suffering a differential diagnosis.
An explanation could be that CRP reacts slower compared to, for example, WBC (15) . thus, in the patient with appendicitis, who normally has a short and acute symptomatic history, the CRP may not react until later. In contrast, the patients with perforated appendicitis may have a more severe disease and a longer duration of inflammation. this may result in the significant elevation of CRP levels for perforated disease. Acute appendicitis causes an inflammatory response. Literature has shown that WBC count was significantly increased during an inflammatory response, which was caused by a bacterial infection in the appendix (5) . other studies have shown that levels of bilirubin and CRP were significantly increased in the early diagnosis of acute appendicitis. the mechanisms behind this sepsis-related hyperbilirubinemia may be explained through increased hemolysis, and a decrease in bile uptake and excretion (16) . other studies have shown that bacterial endotoxins, including toxins produced by the bacteria Escherichia coli, decreased the hepatic bile secretion contributing to intrahepatic cholestasis (17) (18) (19) and sinusoidal damage (20) . In rodent models, endotoxins reduced bile-salt uptake in hepatocytes (21) . our study showed that levels of ALAt were significantly increased, especially among patients suffering from appendicitis. this could be a result of an inflammatory reaction in the hepatocytes or sinusoidal damage.
Being retrospective, this study has inherent limitations. nonetheless, since the parameters recorded in this study were collected prospectively, information bias may be limited. However, due to missing data among blood tests some patients with appendicitis were excluded. Furthermore, this study did not include patients under the age of 16, many of who were operated for appendicitis. they could not be included since blood tests are not performed on children under the age of 16, if admitted under the suspicion of appendicitis. Compared to the other studies in this field, our study is strong because we had a large patient material. Furthermore, we have attempted to limit selection bias by including all patients operated on the suspicion of appendicitis in the cohort.
Diagnosing appendicitis is mainly done through symptomatic history and clinical evaluation. over past few years, many studies have shown that blood tests can be useful in strengthening the prognostic accuracy of the appendicitis diagnosis and in differentiating between perforated and non-perforated appendicitis. our study has shown that there is a greater chance of diagnosing acute appendicitis when using a combination of multiple blood markers compared to using only one.
In a clinical setting, many patients admitted with the suspicion of appendicitis are kept under close observation rather than being operated immediately since their symptomatic history or clinical picture is not well defined. In these cases, a scoring system could be useful in strengthening the suspicion. In cases of prioritizing the patient in greater risk of perforated appendicitis a scoring system could be useful as well.
numerous studies have been conducted to identify factors or biomarkers, which can be used diagnostically to differentiate between patients suffering from appendicitis and differential diagnoses and thereby reduce the number of patients undergoing surgical treatment. the similar has been attempted for patients suffering from perforated and non-perforated appendicitis. As stated above, many biomarkers have indeed been identified as being related to appendicitis and appendiceal perforation, the most important and well documented being WBC, CRP, and bilirubin. these biomarkers have generally had a high specificity, but low sensitivity (22, 23) . Combining biomarkers increases the specificity without a great change in sensitivity. therefore, relevant biomarkers, alone or in combination, cannot be used as a differential tool but rather as a supportive tool along side the patient's clinical appearance and symptomatic history. ConCLuSIon WBC count and bilirubin, CRP, and ALAt levels are useful biomarkers in predicting appendicitis and appendiceal perforation. Combining the biomarkers increases the predictive values. therefore, blood levels of bilirubin, CRP, and ALAt should be taken in consideration when predicting appendicitis.
